Motivated by the proposed experiment 14 N (d, 2 He) 14 C, we study the final states which can be reached via the allowed Gamow-Teller mechanism. Much emphasis has been given in the past to the fact that the transition matrix element from the J π = 1 + T = 0 ground state of 14 N to the J π = 0 + T = 1 ground state of 14 C is very close to zero, despite the fact that all the quantum numbers are right for an allowed transition. We discuss this problem, but, in particular, focus on the excitations to final states with angular momenta 1 + and 2 + . We note that the summed strength to the J π = 2 + T = 1 states, 1 calculated with a wide variety of interactions, is significantly larger than that to the J π = 1 + T = 1 final states.
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I. INTRODUCTION
Much attention has been given over the past several decades to the fact that the GamowTeller (GT ) matrix element between the J π = 1 + T = 0 ground state of 14 N and the J π = 0 + T = 1 ground state of 14 C (or that of its mirror nucleus 14 O) is very close to zero, despite the fact that all the quantum numbers are right for an allowed Gamow-Teller transition. Of particular interest is the early work of Inglis [1] who showed that in the simplest shell model space (2 holes in the 0p shell), it is not possible to get this GT matrix element to vanish if the residual nucleon-nucleon (NN) interaction consists of only a central part and a spin-orbit part. Inglis then commented upon the possibility that A(GT ) might vanish with only these two interactions if higher shells were included. He himself did not carry out such a calculation, but an attempt to do so was made a few years later by Baranger and Meshkov [2] . They concluded that it was possible that configuration mixing was the sole agent to cause A(GT ) to vanish; however, they had to speculate on the signs of certain matrix elements.
Following Inglis' work, Jancovici and Talmi [3] showed that if one also had a tensor component present in the interaction one could get the GT matrix element to vanish. Thus, the A = 14 system affords us one of the few instances where one can study the elusive effects of the tensor interaction in nuclear structure [4, 5] . Visscher and Ferrel [6] plotted the strength parameters of the spin-orbit and tensor interactions for which one could get the GT matrix element to vanish. They noted that if the spin-orbit interaction is too weak then they cannot get the GT matrix element to vanish for any value of the tensor interaction strength parameter.
Zamick showed, in Ref. [7] , that the GT matrix element comes out too large when one uses the non-relativistic G−matrix elements which Kuo [8] [10] . First they used an interaction previously constructed by Zamick and Zheng [11] :
where c=central, so=two-body spin-orbit, and t=tensor. For x=y=1, the matrix elements of V zz are in approximate agreement with those of the non-relativistic OBE potential Bonn A of [12] . They then studied the effects of the spin-orbit and tensor components of the NN interaction on the GT matrix element by varying the strength parameters x and y. They found the interesting result that in the small model space (2 holes in the 0p shell) they could (for the standard value x = 1 of the spin-orbit interaction strength parameter) find a value of y for which the GT matrix element vanishes. However, in a larger model space which also included 2hω excitations and still using the standard value x = 1, they could not get the GT matrix element to vanish for any value of the tensor interaction strength parameter y. Thus they reached the opposite conclusion to that of Baranger and Meshkov. However, if the spin-orbit interaction was enhanced by 50% (to x = 1.5), then they could find a reasonable value of y for which the GT matrix element vanishes (but not for y = 0). Furthermore, using a relativistic Bonn A G−matrix with a Dirac effective mass m D = 0.6m (m being the mass of the free nucleon), they found that they can make the GT matrix element vanish in both the small and large model spaces. It is known that the spin-orbit interaction gets enhanced by a factor m/m D in relativistic calculations [13] .
In the above discussion, we have focused on the ground-state-to-ground-state transition
He) 14 C) [14] , one can reach excited T = 1 states as well with spins J π = 0 + , 1 + and 2 + via the allowed GT mechanism. In section II, we shall present the results of theoretical calculations of the GT reduced transition probability
as well as the summed strengths B(GT ) to these states. In Eq. 2,
.251 is the ratio of the Gamow-Teller to Fermi coupling constants introduced here for convenience [15] . The GT matrix element itself, denoted as A(GT ), is given by the expression
We perform our calculations with a variety of realistic interactions in both the small and large model spaces. In light of the fact that in Ref. [10] there were such drastic differences between the results obtained in the small and large model spaces for the GT transition from 
+ . This is one of the main points of the present work. Furthermore, we will do these calculations using both a phenomenological approach as in [10] and a purely theoretical one in which a modern realistic N − N effective interaction is used in larger and larger model spaces.
The results of our calculations are presented in section II. Section III deals with the interpretation of the results, followed by concluding remarks.
II. RESULTS OF THE CALCULATIONS
We first show in Table I results of calculations of the GT ground-state-to-ground-state transition strength B(GT ) :
, followed by the summed strengths of the GT transition from the ground state of 14 N to the J π = 0 + , 1 + and 2 + (T = 1) states of 14 C, using the interaction V zz (Eq. 1) of Zamick and Zheng [11] .
Note that we never introduce a single-particle spin-orbit term, since in our case the average one-body spin-orbit interaction is implicitly generated by our two-body spin-orbit interaction xV so in our no-core shell-model (NCSM) calculations, which we performed using the nuclear shell model code OXBASH [16] .
First, let us compare the small-and large-space results for J π = 0 + final states obtained with the standard two-body spin-orbit strength x = 1. As we vary the strength parameter y of the tensor interaction in the small model space calculation, we see that for y = 0.5 B(GT ) becomes vanishingly small. Indeed, for y = 1.0 x = 1 A(GT ) has an opposite sign to that for y = 0 x = 1. This verifies the contention of Jancovici and Talmi that one can get A(GT ) to vanish with a suitable tensor interaction.
However, when we go to the large (0+2)hω model space, we see that B(GT ) for
does not go to zero for any value of y when x = 1, and we no longer get the Jancovici-Talmi behaviour.
The situation is restored if a combination of a weaker strength of the tensor interaction and an enhanced strength of the spin-orbit interaction (i.e. x = 1.5 and y = 0.75) is applied.
In that case we get B(GT ) to vanish in both the small and large model spaces.
We next come to one of the main points of the paper: a comparison of the GT summed strengths to the J π = 1 + and J π = 2 + (T = 1) final states in 14 C. We see consistently that the excitation strengths to the J π = 2 + states are much larger than to the J π = 1 + states.
For example, in the large space with x = 1.5 y = 0.75, the values of the summed strength to the 1 + states is only 0.193, but to the 2 + states it is 3.113. We will discuss this further in the next section. Müther et. al. [13] . In this approach, one has a Dirac effective mass m D such that m D /m is typically less than one with m D /m = 1 corresponding to the non-relativistic limit. In our case, the value of m D /m = 0.6 seems to work best in as far as achieving a vanishing GT transition between the ground states of the A = 14 system. This is true in both the small and the large model spaces.
In Table III , we present the results of calculations done with the Argonne V8' effective interaction in four model spaces: 0hω, (0+2)hω, (0+2+4)hω and (0+2+4+6)hω, all performed with the Many-Fermion Dynamics code of [17] . For this set of calculations, we followed the procedure described in Refs [18, 19] in order to construct the two-body effective interaction. Note that in Tables I-III we give the ground-state-to-ground-state transition 
III. INTERPRETATION OF THE RESULTS
A. The L − S picture
We can make sense of the results obtained in the small model space 0hω by following the approach of Zheng and Zamick [11] and use an LS representation ( 2S+1 L J ) for the two-hole A = 14 system. For instance, the ground state (J π = 1
the initial state) is represented as follows:
whereas for final J π = 0 + , T = 1 states the wavefunctions are of the form is very close to one at the point where A(GT ) vanishes.
In Table IV , we present the values of the coefficients C As mentioned in the introduction, it has been noted in the past [6, 7, 10, 11] to a similar conclusion in their study of M1 excitation rates in the 0p and 1d − 0d shells [20] . It is useful to note here, as pointed out by Wong [21] , that the tensor interaction in an open-shell acts to some extent like a spin-orbit interaction of the opposite sign of the basic spin-orbit interaction, so that these two types of adjustments to the N − N interaction are really equivalent for our purpose.
In the present work, we have shown in table III that, using a modern realistic effective N − N interaction and performing no-core shell-model calculations with it in progressively larger and larger model spaces, we were able to obtain the desired vanishing of the groundstate-to-ground-state GT matrix element in a natural way, i.e. without having to adjust any parameters. This suggests that some renormalization of the effective spin-orbit interaction coupling strength (in the sense of an enhancement of the latter relative to its strength in the 0hω model space) must be taking place as one works in larger and larger model spaces.
In Table V , we present results of calculations that further corroborate the interpretation just given. Loosely speaking, the J π = 2 In calculations limited to a 0hω model space, it is necessary to effect a phenomenological enhancement of the N − N two-body spin-orbit interaction in order to obtain a vanishing ground-state-to-ground-state GT matrix element in the A = 14 system. We have found that this in turn results in the GT strength going overwhelmingly to the lowest 2 + state. Such a result can be easily accounted for by the fact that the 14 N J π = 1 Using an effective interaction theoretically derived from the realistic N − N Argonne V8' interaction, and performing shell-model calculations in progressively larger and larger model spaces (with up to 6hω excitations), we were able to achieve a similar degree of success in agreement with experiment as that obtained phenomenologically earlier in the 0hω model space calculations, but this time without any adjustments of parameters. We have interpreted this as an indication of a natural renormalization of the effective two-body spin-orbit interaction affected by the many-body correlations taking place in the larger model spaces.
In concluding, we note that, when only the charge-symmetry-conserving strong interactions are taken into account (as we did in this paper), the matrix element for the transition It will be interesting in the near future to see the effects of other charge-symmetry-breaking interactions. 
